Preoperative glucocorticoid administration reduces the systemic inflammatory response. Pentraxin 3 (PTX3) is a novel inflammatory marker belonging to the humoral arm of innate immunity exerting a potentially protective host response. This study evaluated PTX3 and other complement marker changes after preoperative methylprednisolone (MP) early after total knee arthroplasty (TKA). Seventy patients were randomized (1 : 1) to preoperative intravenous (i.v.) MP 125 mg (group MP) or isotonic saline i.v. (group C). The outcomes included change in plasma PTX3, mannosebinding lectin (MBL), ficolins (ficolin-1, 22 and 23), complement components (C4 and C3), terminal complement complex (TCC) and Creactive protein (CRP) concentrations. Blood samples were analysed at baseline and 2, 6, 24 and 48 h after surgery with complete sampling from 63 patients for analyses. MP resulted in an increase in circulating PTX3 compared to saline from baseline to 24 h postoperatively (P < 0Á001), while MP reduced the systemic inflammatory response (CRP) 24 and 48 h postoperatively (P < 0Á001). However, the small postoperative changes in MBL, ficolin-1, 22 and 23, C4, C3 and TCC concentrations did not differ between groups (P > 0Á05). In conclusion, preoperative MP 125 mg increased circulating PTX3 and reduced the general inflammatory response (CRP) early after TKA, but did not affect other complement markers.
Introduction
The systemic immunological and inflammatory stress responses after major joint replacement are important for postoperative recovery and where patients with an exaggerated response may have delayed recovery [1] . The tissue damage and subsequent inflammation initiates the rapid synthesis of acute phase molecules [2] . The short pentraxin C-reactive protein (CRP) is produced at a systemic level in the liver by hepatocytes and represents the main acutephase protein (inflammatory marker) in humans [3] . Pentraxin 3 (PTX3), a new inflammatory marker, is produced by a wide range of different cell types, mainly by macrophages, dendritic cells (DCs) and endothelial cells, in response to inflammatory cytokines [4] . As part of the innate immune system PTX3 functions as a regulatory molecule and is released early after experimental inflammatory stimuli in mice activating complement pathways and enhancing leucocyte recruitment [4, 5] . Evidence suggests that PTX3 regulate inflammatory reactions in two parallel ways, locally and systemically [4, 6] . PTX3 dampens localized excessive neutrophil recruitment, while systemic PTX3 responses may facilitate down-regulation of proinflammatory reactions [4, 7] . In this respect, increased levels of PTX3 could reflect a complex protective response of the host [8] . As PTX3 is produced locally by various cells in response to tissue trauma, it is reasonable to consider PTX3 released in the blood stream also to be a marker of local inflammation [9] .
The systemic anti-inflammatory effects of glucocorticoids after surgery are well known [10, 11] . In the hitherto only clinical study, glucocorticoid administration led to an increase in PTX3 in paediatric cardiac surgery, associated possibly with decreasing inflammatory parameters [CRP and interleukin (IL)-1] [7] . However, no other data from elective surgical trauma are available.
Thus, the aim of the present study was to compare the effect of a single preoperative intravenous dose of methylprednisolone (MP) versus placebo (saline) on changes in complement marker concentrations within 48 h after total knee arthroplasty (TKA) assessed by plasma PTX3, mannose-binding lectin (MBL), ficolin-1 (FCN-1), ficolin-2 (FCN-2), ficolin-3 (FCN-3), complement components (C4 and C3) and the terminal complement complex (TCC), as well as CRP.
Materials and methods

Study design and setting
This single-centre, randomized, placebo-controlled trial was conducted from February 2015 to April 2016 at Copenhagen University Hospital, Bispebjerg and Frederiksberg. The study was registered on ClinicalTrials.gov under the US National Library of Medicine (NCT02332616, date 13/01/2015), embedded in a primary study on the effect of glucocorticoids on postoperative quadriceps dysfunction (NCT02319343). The principles of the Helsinki Declaration and the International Conference on Harmonization guidelines for Good Clinical Practice (GCP) were followed, and the trial was monitored by the GCP unit of Copenhagen University Hospital, Copenhagen, Denmark. Approval by the Ethics Committee for the Capital Region of Denmark (H-6-2014-101), the Danish Data Protection Agency and the Danish Health and Medicine Authority (EudraCT 2014-003395-23) was obtained before patient enrolment. Oral and written informed consent was collected from all patients before participation and the manuscript was prepared according to the Consolidated Standards of Reporting Trials (CONSORT) recommendations for reporting randomized, controlled, clinical trials [12] .
Participants
Patients undergoing elective, unilateral, primary TKA were assessed for eligibility, and were included if being able to speak and understand Danish and to provide informed oral and written consent. Patients were excluded if aged < 55 and > 80 years, general anaesthesia, allergy towards glucocorticoids, daily use of systemic glucocorticoids, cancer, insulin-dependent diabetes mellitus, autoimmune disease including rheumatoid arthritis, local or systemic infection, treatment of peptic ulcer within 30 days from inclusion and fertile women. Patients were enrolled prior to surgery. Screening for eligibility, enrolment and allocation of patients was carried out by the principal investigator.
Randomization, trial intervention and blinding
After baseline assessment, 70 included patients were allocated randomly to two groups of 35. A random allocation sequence generated by computer and concealed in 70 consecutively numbered, opaque, sealed envelopes determining treatment was created by an independent research assistant not otherwise involved in the trial. The envelopes were opened consecutively on the morning of surgery, and two independent anaesthetist nurses prepared the trial drug consisting of either a single dose of MP, 125 mg (2 ml) intravenously (i.v.) (Solu-Medrol V R ; Pfizer, Ballerup, Denmark) (group MP) or isotonic saline (2 ml) i.v. (group C), both of which being transparent; in addition, the syringes were masked. The trial solution was administered by the principal investigator just after induction of spinal anaesthesia. Investigators, care providers, data collectors and trial participants were blinded to the allocation. After study termination, the randomization list was dispatched enabling blinded analyses by the primary investigator. After carrying out all biochemical and statistical analyses, the list was un-blinded with respect to intervention type.
Anaesthesia and surgery
Anaesthesia, surgery and analgesia followed standard procedures. One hour prior to surgery, patients received oral paracetamol 1 g and naproxen 500 mg. The surgical procedures were performed under lumbar spinal anaesthesia with 7Á5-12Á5 mg hyperbaric bupivacaine (5 mg ml TKA was performed without the use of a femoral tourniquet using a standard medial para-patellar approach. At the end of surgery, local infiltration analgesia was injected consisting of 150 ml ropivacaine 0Á2%. Thromboembolic prophylaxis was administered 6-8 h after surgery and consisted of rivaroxaban 10 mg day 21 (Xarelto; Bayer Pharma, Berlin, Germany). Postoperatively, the patients received oral paracetamol 1 g four times daily and naproxen 500 mg twice daily, with rescue opioids on request. At night-time, patients received zolpidem 10 mg and postoperative nausea and vomiting was treated with ondansetron 4 mg.
Study end-points
The primary outcome was change in plasma PTX3 concentration (ng ml
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) from baseline to 48 h postoperatively. Secondary outcomes included changes in plasma MBL (ng ml 
Blood sampling and analyses
Peripheral venous blood was collected in ethylenediamine tetraacetic (EDTA) tubes and empty vials. The EDTA blood samples were ice cooled immediately and centrifuged at 3000 g for 10 min within 30 min of collection. Empty vial samples were set to coagulate for 30 min before being centrifuged for 10 min at 3000 g. Plasma was stored in a 2808C freezer awaiting analyses. The enzyme-linked immunosorbent assay (ELISA) analyses for MBL, FCN-1, -2 and -3, TCC and PTX-3 were conducted by trained laboratory technicians, essentially described previously [13] [14] [15] [16] [17] , while C4 and C3 were tested using the SPAPLUS machinery according to the manufacturer's recommendations (Binding Site, Birmingham, UK) at the Laboratory of Molecular Medicine, Department of Clinical Immunology, Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark. Additionally, in-vivo analyses on PTX3 levels were performed where MP was incubated with whole blood for up to 72 h and hirudin-anti-coagulated blood for up to 48 h at 378C from two healthy volunteers.
Sample size calculation
The study was considered explorative and hypothesisgenerating, and the sample size calculation was based on the primary study on the effect of glucocorticoids on quadriceps muscle function (NCT02319343). The calculations resulted in a total sample size of 52 patients (an alpha of 0Á05, a beta of 0Á80) and allowing for 25% dropouts, a total of 70 patients were included in the trial.
Statistics
All data were validated by double entry, and evaluated for normal distribution by histograms and Q-Q plots before statistical analyses. PTX3 and CRP data did not follow normal distribution and underwent log transformation prior to statistical analysis. There were no missing data regarding patient characteristics. All continuous variables were compared between allocation groups using a univariate linear regression analysis incorporating baseline values as covariate investigating each sampling time-point. Adjusted means are estimated marginal means, i.e. model-predicted means when having the same baseline (T0) value (here set to the mean baseline value). These adjusted means may simplify evaluation of the intervention effect, as they adjust for differences in baseline values (baseline values are incorporated as covariates) [18] . Continuous data are presented as mean [95% confidence interval (CI)] and categorical data as number (%). Statistical analyses were performed using SPSS version 22.0 (IBM Corporation, Troy, NY, USA).
A two-sided P-value < 0Á05 was considered statistically significant.
Data availability statement
The data sets generated and analysed during the current study are available from the corresponding author on request.
Results
Participants
One hundred and sixty-three patients were assessed for eligibility, leaving 70 patients for randomization, seven patients of whom were excluded following randomization (Fig. 1) . Accordingly, a total of 33 (group MP) and 30 (group C) patients were available for analysis of the primary outcome using the non-missing scores only. Baseline characteristics were comparable between allocation groups (Table 1) . Similarly, we found no betweengroup differences in intraoperative data (Table 1 ). Blood components were not administered during or after surgery.
End-points
Baseline and within-group postoperative changes in complement markers are shown in Table 2 . Baseline values were similar between groups regarding PTX3, the other complement markers and CRP. Over time, PTX3 concentrations increased compared to baseline values within both group MP and C (Table 2) , and CRP also increased within both groups. FCN-1, C4 and C3 concentrations decreased compared to baseline values in both groups and TCC increased in both groups (Table 2 ).
In the between-group analysis adjusted for baseline values [18] , PTX3 concentrations increased in group MP at T6 (P < 0Á001) and T24 (P < 0Á001) compared to group C (Fig. 2) . At T48 PTX3 concentrations were lower and approaching baseline values in group MP compared to group C (P 5 0Á005). CRP concentrations were lower in group MP at T24 (P < 0Á001) and T48 (P < 0Á001) compared to group C. Regarding the other investigated complement markers, we found no difference in concentrations between groups for any given time-points (P > 0Á124), except for C4 concentrations at T48 being nearly significantly lower in group MP compared to group C (P 5 0Á052) ( Table 2 ). The analysis of in-vivo MP-incubated whole blood and hirudin-anticoagulated blood showed no increase in PTX3 levels (data not shown).
There were no wound complications, deep infections or clinically apparent venous thromboembolism (VTE) in either group during the study period.
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Discussion
This study demonstrates for the first time that MP prophylaxis in adult patients undergoing elective unilateral TKA is associated with a significantly early increase in plasma levels of PTX3, despite a marked reduced CRP response. Changes in complement markers in elective surgery have received little attention compared to acute illness, nor has the effect of added glucocorticoid in a standardized fasttrack set-up. Thus, one study found a less pronounced increase in PTX3 levels compared to CRP after elective orthopaedic surgery 4 days after surgery, although not investigating the earlier response [19] . In this context, the PTX3 response in acute myocardial infarction is Continuous variables are presented as mean (95% confidence interval), categorical variables as number (%). P-values refer to between-group analyses (group MP versus group C) using an independent-sample t-test. ASA 5 American Society of Anesthesiologists; HES 5 hydroxyethyl starch. characterized by a rapid increase reaching a peak in 6-8 h compared to 36-48 h for CRP [20] , supporting the need for early assessment of PTX3. In children undergoing cardiopulmonary bypass (CPB), dexamethasone prophylaxis led to an increase in PTX3 response compared with untreated subjects [7] , compatible with observations in our study. In agreement with this, it has been observed that patients with Cushing syndrome also have increased levels of circulating PTX3, whereas PTX3 levels were decreased in subjects with iatrogenic hypocortisolism [21] .
An experimental study has shown that in myeloid DCs glucocorticoids inhibits PTX3 expression and synthesis [21] . By contrast, glucocorticoids enhanced and extended the PTX3 expression in fibroblasts and endothelial cells under inflammatory conditions. This agrees with our observations, where we found no increase in PTX3 levels when MP was incubated with whole blood for up to 72 h as well as hirudin-anti-coagulated blood at 378C for up to 48 h (data not shown).
In non-haematopoietic cells, the glucocorticoid hormone receptor functions as a ligand-dependent transcription factor (dimerization-dependent) inducing PTX3 gene expression [21] . In contrast, in haematopoietic cells, the glucocorticoid hormone receptor affects PTX3 gene transcription by interfering (dimerization-independent) with the action of other signalling pathways [21] . Thus, the divergent effects of glucocorticoid hormones on PTX3 expression is related to different functions, whether present on myeloid or non-myeloid cells. In-vivo observations in 
0Á25 (0Á22-0Á28) 0Á24 (0Á21-0Á26) 0Á519 T24 0Á22 (0Á19-0Á25)** 0Á22 (0Á19-0Á24)* T48 0Á22 (0Á19-0Á25)** 0Á22 (0Á20-0Á24)* C3, g l
21
T0
1Á36 
Baseline values are similar between groups using an independentsample t-test. Values are presented as mean (95% confidence interval). Significant postoperative changes from baseline value within groups (paired t-test) are marked * (P < 0Á05) or ** (P < 0Á001). PTX3 5 pentraxin-3; CRP 5 C-reactive protein; FCN 5 ficolin; MBL 5 mannose-binding lectin; TCC 5 terminal complement complex. Fig. 2 . Comparison of the adjusted means for pentraxin-3 (PTX3) and C-reactive protein (CRP) concentrations. Adjusted means by univariate analysis incorporating baseline values as covariates [18] for (a) PTX3 and (b) CRP at different time-points in patients undergoing total knee arthroplasty allocated to preoperative methylprednisolone (group MP) or saline (group C). Significant difference between groups is shown as *P < 0Á05 or **P < 0Á001. Whiskers represent 95% confidence interval. mice demonstrate that PTX3 can modulate neutrophil recruitment at inflamed sites through the interaction with P-selectin, a molecule involved in the early steps of leucocyte recruitment [4] . These data may provide some of the possible mechanisms underlining the regulatory role on inflammation exerted by PTX3. Recombinant PTX3 has been suggested as both an infectious and antiinflammatory treatment option [22] , which could be interesting to consider based on the findings from the present study. Also, it may be that part of the downstream beneficial analgesic and anti-fatigue effects of MP in relation to TKA [23, 24] is mediated partly by PTX3. In this context, the previous demonstration of PTX3 to correlate with severity of disease [25] in patients with cardiovascular disease [20, 26] , cancer [27] , acute respiratory distress syndrome [28] and sepsis [17, 29, 30] should be interpreted carefully, as it may not imply that PTX3 contributes to morbidity, but rather reflect the body's anti-inflammatory response to disease. In this context, PTX3 may potentially be used for early clinical monitoring of glucocorticoidinduced anti-inflammatory processes.
As part of the same study, MP also reduced circulating biomarkers of endothelial damage 24 h postoperatively compared to saline, suggesting a protective function against vascular damage [31] .
The strengths of the present trial include the high degree of standardized anaesthetic, surgical and multi-modal analgesic regimen. All patients received spinal anaesthesia using bupivacaine only, the same surgical approach and local infiltration analgesia in all patients. In addition, the use of only one data collector may have minimized the risk of performance bias. Limitations include a short follow-up period and lack of power and later follow-up of clinical implications. Furthermore, the selection of biomarkers analysed in this study does not exclude the importance of other markers in the immune reaction to surgical interventions.
Conclusions
In this hypothesis-generating clinical study, preoperative systemic administration of MP 125 mg increased circulating PTX3 concentrations but reduced the inflammatory response measured by CRP early after fast-track TKA. No effect was seen on other complement marker changes. Further studies should evaluate the pathophysiological and clinical effects of high-dose MP in major surgical trauma.
